The research aims to investigate the effects of silica (Si) as an ameliorant on the proline compound concentration and the growth response of oil palm exposed to aluminum toxicity. The research was arranged in a complete randomized block design with 8 blocks as replications. The first factor was Al toxicity which consisted of two levels as without and with Al toxicity. Al toxicity treatment was applied by giving 300 ppm of Al concentrate along with watering activity regularly. The second factor was the application of silica which consisted of four levels as 0, 32, 64 g/plant. Proline and growth activities of leaf area, plant height, number of leaves, and dry weight were observed in the research. The data subjected to analysis of variance (ANOVA) at 5% test level. If the result of ANOVA showed significant differences among treatments, then the data would have been analyzed by Duncan's Multiple Range Test (DMRT) at 5% test level. The results of the research provide information that Al toxicity increases proline compound in the plant tissues and decreases leaf area, plant height, number of leaves, and dry weight of Oil Palm. Applying Si at the level of 64 g/plant could increase proline concentrate and dry weight of oil palm exposed to A1 toxicity. Proline compound in the plant tissues did not have any correlation with the growth of oil palm. Thus, this case indicated that proline was a product and not a plant tolerant mechanism of Al toxicity.
INTRODUCTION
Aluminium (Al) is a rhizotoxic ion which inhibits plant growth and plant's productivity in acid soil (Huang and Violante, 1997) . Al toxicity occurs when there is an accumulation in root tissue that inhibits the cell divisions and elongation as well as the activity of e n z y m e i n s y n t h e s i z i n g m a n y c o m p o u n d s i n c e l l w alls (Ro ris on , 1 97 3) . According to Clarkson (1969) , Al inhibits hexokinase activities such as phosphatase and ATP-ase and it inhibits the phosphorylation. Forforilase barriers cause ATP to form, yet hexaphospate such as glucose-6-phosphate and ADP formation would be disrupted. According to Enggarini and Marwani (2006) , phosphorylation disruption leads to leaf chlorosis, nutrient deficiency, and stunt.
Oil palm has many benefits as it is used for food products, pharmaceuticals, and cosmetics.
According to IMA (2010) , since 2007, Indonesia has become the largest oil palm manufacturer which grows rapidly. Its production has increased from 168,000 tons in 1967 to 22 million tons in 2010. The increased prices of crude palm oil (CPO) and palm kernel oil (PKO) have prompted the investors to expand the plantations on large and areas in Sumatra and Kalimantan.
Oil palm mostly is cultivated in high rainfall areas 2000 to 3000 mm per year (Risza, 2008) . This condition causes Al stress which possibly it occurs at high intensity in the oil palm cultivation. The expansion of planting area now is also very difficult due to limited suitable area for oil palm commodity and province spatial planning policies. Meanwhile, the usage of marginal area for particularly wet marginal area could be a solution to solve this problem. The factor of limitation of oil palm cultivation on wet marginal area is its poor soil and infertility caused by high acidic cations including Al.
Oil palm which is cultivated on highly Alcontented soil suffers Al stress and is suspected to have drought stress. Al, which is accumulated in the cell in soybean (Rengel, 1997) , can disrupt membrane permeability and interfere nutrient absorption that is regulated by proton pump. Inhibition of nutrient and water absorption from the soil triggers imperfect root growth in which the root system becomes shallow and more sensitive to drought stress. Proline is a biochemical compound that is mostly synthesized and accumulated in various plant tissues, mainly in the leaves under drough stress. Proline acts as a free radical scavenger (Ashraf and Foolad, 2007) and osmoprotectant compound for cell osmotic adjustment (Hamim et. al., 2008) . Plants exposed to Al-stress are assumed to have less optimal growth since it is caused by disruption of nutrient and water absorption. According to Hanum et. al. (2009) , soybean suffering Al toxicity and drought stress has less dry weight. In the case of sorghum (Galvez and Clark, 1991) , the higher Al absorbed by the plant causes lower dry weight.
Silica is assumed to be possibly used to reduce Al toxicity in plants. The mechanism is through a reduction of Al 3+ activity in the soil solvent, and it reduces Al toxicity on the plant body (Savant et. al., 1999) . Silica application can improve the efficiency of photosynthesis, so it enhaces sufficient assimilations for the growth and development of plants (Matichenko and Calvert, 2002) . Related with proline activities, according to the study of Shahnaz et. al. (2011) , silica can increase the production of proline in plants which are exposed to Al-stress. The information about growth response and proline activity of oil palm exposed to Al-stress and added with silica application is not available yet. Thus, this study is quite important to do.
MATERIALS AND METHODS
This research was conducted in Bendosari, Madurejo, Prambanan, Sleman, Crop Science Laboratory, Faculty of Agriculture, Universitas Gadjah Mada from June 2014 to June 2015. Planting materials used were hybrid oil palm seeds originated from Oil Palm Research Center, Medan. This research was arranged in completely randomized block design with 2 x 4 factorials with eight blocks as replications. The first factor was Al-stress consisting of two levels that are without and with Al toxicity. Al toxicity was generated from aluminum sulfate (Al2(SO4)3) at 300 ppm concentration. The second factor was the dosage of silica which consisted of four levels, 0, 32, 64 and 96 g/plant.
The variables observations included leaf area, plant height, number of leaves, and dry weight. Plant height was measured using a ruler starting from the base of the stem above the ground to the tip of the highest leaf. Leaf area was measured using leaf area meter while the dry weight was measured using oven at 65 o C to 75 o C for 48 hours . The growth observation was done twice during 4 weeks after Al treatment and when the plant was showing the symptoms of stress.
Proline content was determined by spectrophotometry method according to Bates (1973) ; Umebese (2009) . Frozen leaf tissue (0,5 g) was homogenized with 10 mL of 3% sulfosalicylic acid at 4 °C. The extract was filtered with Whatman no.2 filter paper. In a test tube, 2 mL of filtrate, 2 mL of acid-ninhydrin, and 2 mL of glacial acetic acid were mixed and incubated at 100 °C for 1 h. The reaction was terminated on ice, and the reaction mixture was then extracted with 4 ml of toluene. The chromophore-containing toluene was separated from the hydrated phase. The absorbance at 520 nm was spectrophotometrically determined with toluene as the blank (Çelik and Atak, 2012) . The proline concentration was calculated based on a standard curve and was expressed as μmol proline g −1 FW. The data obtained were analyzed with ANOVA Data for variables showing significant difference among treatments then were analyzed using Duncan's Multiple Range Test (DMRT) with 5% test level. Analysis was conducted by SAS®.
RESULT AND DISCUSSION
Al accumulated in the cell could disrupt membrane permeability and nutrient absorption. Subsequently, proline accumulated in a large amount as an osmoprotectant compound was a respond toAl toxicity. There is an interaction between Al toxicity and Si dosage ( Table 1 ). The content of proline increased along with Al toxicity and application of Si as an amelioration. The dosage of 64 g/plant of Si was able to stimulate the synthesis of proline in oil palm in which Al toxicity had been induced, though it was not significantly different from the 32 g/plant dosage of Si. This result was in accordance with the study of Shahnaz et. al. (2011) , mentioning that application of Si increases proline synthesis in Borago officinalis L. Jain et. al. (2001) state that proline is considered as a source of carbon and nitrogen for quick recovery of plants from the stress.
Moreover, proline also acts as free radical scavenger.
Leaf area is a plant growing indicator of photosynthetic process. Leaf is a light receptor as well as a part plant organ plant for photosynthetic process. Table 2 shows that there is no interaction between Al toxicity and dosage of Si in variable of leaf area. Oil palm which was induced by Al toxicity had narrower leaves compared to oil palm which was not induced by Al toxicity. Though, it was not significantly and statistically different, the dosage of 64 g/plant of Si tended to increase leaf area on the first observation while in the second observation the dosage 96 g/plant of Si tended to encourage the leaf to reach maximum area. Leaf development was closely related to the process of cell division and differentiation. The increase of Al concentration of leaf tissue disrupts cell division by bonding phosphate, so it inhibits leaf expansion (Salisbury and Ross, 1995) . Deficiency of phosphate leads to a decline of root respiration and enzymatic disturbance which could regulate polysaccharides in the cell wall and also cause the increasing of the cell wall rigidity which then also can inhibit the essential nutrient absorption in the process of cell division such as Ca, Mg, K, P and water. First symptom that appeared caused by Al toxicity was undeveloped root system which was caused by inhabitation of cell elongation. The undeveloped roots decreased the efficiency of nutrient and water uptake, so in the long term it can inhibit the growth and development of oil palm. Table 3 shows that there is no interaction between Al toxicity treatment and Si application in variable of plant height. On the first observation, Al toxicity did not affect negatively on metabolism so that the plant grew normally. The second observation was conducted after the plant suffered physiological alterations caused by Al toxicity which was the occurrence of chlorosis on the leaves. Under Al toxicity condition, the assimilates used to synthesize chlorophyll were translocated to critical parts to recover the condition of the plants with consequence of stress, resulting inthe distruption of chlorophyll synthesis was chlorosis. Limited chlorophyll disrupted the process of photosynthesis thus assimilates production was decreasing and in the long term could possibly inhibit the plant growth as it would be indicated by variable of plant height. On the first and second observation, application of Si up to 96 g/plant did not show any positive effect on the growth of oil palm with Al toxicity. Table 4 . Number of oil palm leaves on the first and second observation (pieces) Table 4 shows that there is no interaction between Al toxicity treatment and Si application in variable of number of leaves. The number of leaves on the second observation was lower compared to the first observations as caused by the negative impact of Al toxicity. The lower number of leaves inhibited the photosynthesis. Si application was able to increase the number of oil palm leaves which was already induced by Al toxicity on the first observation, however the effect of Si disappeared on the second observation. Matichenkov and Calvert (2002) state that the application of Si able is to increase the efficiency of photosynthesis in plants which is induced by abiotic environmental stress, so that assimilates produced is sufficient to establish the growth and development of plants under stress. Table 5 shows that there is no interaction between Al toxicity treatment and Si application in the variable of dry weight. Dry weight of oil palm which was induced by Al toxicity tended to be lower compared to that of oil palm that grew in a normal environment, although it did not differ significantly. This result was in accordance with the research of sorghum by Galvez and Clark (1991) which state that the higher the concentration of Al absorbed, the lower the shoot dry weight and the lower the root. On the second observation, application of Si tended to increase oil palm dry weight though it did not differ significantly.
Al toxicity increases the rate of proline synthesis in oil palm leaf tissue for twice (Table 1) . Table 6 shows that proline content in oil palm leaves was negatively correlated with plant height, number of leaves, leaf area and dry weight. The increase of proline concentration in leaf tissue potentially inhibited the growth of oil palm since amino acids were synthesized into proline compound. An amount of amino which was used for other metabolic activity declined drastically and risked of lowering rate of plant growth though the plant was potentially more tolerant to Al toxicity. Ashraf and Foolad (2007) state that while many studies have indicated a positive relationship between accumulation of proline and plant stress tolerance, some have argued that the increases in its concentrations under stress is a product of and not an adaptive response to stress. Table 6 provides information that proline compound concentration in tissue was not correlated with oil palm growth. The increase of proline compound concentration in leaf tissue did not inhibit the growth rate of oil palm. Particularly, the growth of oil palm under Al toxicity exposure was determined by other factors including concentration of proline compound.
This condition also proved that the level of proline concentration in oil palm tissue was a product and not a mechanism of toleration of Al toxicity.
CONCLUSION
Al toxicity increases proline compound content in the tissues of plant and decreases palm's leaf area, plant height, number of leaves, and dry weight. Applying 64 g/plant of Si is able to increase the proline content and the dry weight oil palm exposed to Al toxicity. Proline compound content in the plant tissue is not correlated with oil palm growth. This indicates that proline is a product and not a mechanism of tolerance of Al toxicity.
